The contribution of autophagy to acquired cisplatin resistance in ovarian cancer has not been studied. Results: Cisplatin treatment activates ERK and subsequently promotes autophagy and counteracts cisplatin-induced cell death. Inhibition of autophagy enhances cisplatin sensitivity. Conclusion: Cisplatin-induced autophagy contributes to cisplatin resistance. Significance: Targeting autophagy may overcome cisplatin resistance.
Ovarian cancer is the fifth leading cause of cancer-related death among women in the United States. 90% of primary ovarian tumors are epithelial cell in origin (1, 2) . Ovarian cancer can be classified into serous, endometrioid, mucinous, and clear cell (1, 2) , with a significant majority of ovarian carcinomas being the serous type (3) . Currently available therapeutic options include tumor debulking surgery and chemotherapy. The standard first line chemotherapy includes platinum (cisplatin/ carboplatin)-based therapy.
Cisplatin (cis-diamminedichloroplatinum) is a platinum compound that was discovered in the 1960s and has been an important chemotherapeutic drug for the treatment of many cancers, including ovarian, as a single agent or in combination with other anticancer agents (4 -6) . Mechanistic studies indi-cate that cisplatin covalently binds to the N-7 atoms of purines on DNA to form DNA adducts. DNA adducts distort DNA conformation and inhibit replication and transcription, leading to the activation of multiple signaling pathways to induce cell cycle arrest and apoptosis. The induction of apoptosis primarily accounts for cisplatin anticancer activity (7) . Although cisplatin is the first line chemotherapeutic agent for several cancers, particularly for patients with testicular and ovarian cancers, it turns out that some cancer cells develop acquired cisplatin resistance whereas other tumor cells are intrinsically resistant. Cisplatin resistance can lead to cisplatin-based treatment failure. For example, 70% of ovarian cancer patients initially respond to cisplatin, but the majority of responsive patients relapse due to the development of resistance (3, 8) . The mechanisms of cisplatin resistance are not fully understood, but are believed to be multifactorial in nature, which include insufficient DNA binding, increased detoxification, increased DNA repair, deregulated expression of transporters, and altered expression and activation of genes involved in cell death pathways (5, 9 -15) . Recent studies suggest that cancer drug resistance including cisplatin resistance can be mediated by autophagy (16 -18) .
Autophagy is a highly conserved process by which cytoplasmic components are sequestered in double membrane vesicles called autophagosomes and degraded upon fusion with lysosomal compartments (19) . Autophagy plays key roles in the quality control of cellular components and supplying nutrients and materials for newly constructed structures in cells under metabolic stress. Autophagy can be induced by a number of stress conditions including starvation and drug treatment and is associated with both cell survival and cell death. The molecular mechanism of autophagy regulation is not fully understood. It is believed that a number of molecules are involved, including the target of rapamycin, 5Ј-AMP-activated protein kinase and the eukaryotic initiation factor 2␣ (elF2␣) (19, 20) . Target of rapamycin kinase is the major regulator that inhibits autophagy in the presence of growth factors and abundant nutrients whereas 5Ј-AMP-activated protein kinase and elF2␣ control autophagy in response to low energy and nutrient deprivation, respectively (19) . Autophagy is carried by a number of autophagy-related genes (Atgs) 2 (19) . These Atgs are involved either in autophagosome formation, fusing autophagosome with lysosomes for degradation, or reuse of macromolecules (21) . Recent studies indicated that acute cisplatin treatment activates an autophagic response that serves as a survival factor to counteract cisplatin-induced cell death (22, 23) . In lung cancer cells, autophagy has been suggested to play a role in acquired cisplatin resistance (24, 25) . However, the role of autophagy in cisplatin resistance in ovarian cancer cells has not been determined.
In this study, we show that induction of autophagy is correlated with cisplatin resistance in a panel of human ovarian cancer cell lines. We find that cisplatin induces extracellular signalregulated kinase (ERK), which promotes autophagy induction. We also show that knockdown of ERK or inhibition of mitogenactivated protein (MAP) kinase (MAPK)/ERK (MEK) activity decreases autophagy induction while increasing cisplatin-induced cell death. Furthermore, we show that ovarian cancer cells that have developed cisplatin resistance have increased ERK activation and autophagy. Finally, we show that inhibition of autophagy sensitizes acquired cisplatin-resistant cells to cisplatin. Thus, these data suggest that targeting autophagy may be a vital strategy for overcoming cisplatin resistance.
EXPERIMENTAL PROCEDURES
Reagents-Cisplatin, 3-methyladenine (3-MA), bafilomycin A1 (Baf A1), and anti-actin antibody were purchased from Sigma. The MEK inhibitor U0126 and the p38 inhibitor SB203580 were purchased from Promega. The JNK inhibitor SP600125 was purchased from Calbiochem. Rabbit antibodies against P-ERK1/2, ERK1/2, P-p38, p38, P-JNK1/2, JNK1/2, P-CREB, CREB, P-c-Jun, c-Jun, LC3, Atg5, p62, and PARP were purchased from Cell Signaling Technology (Beverly, MA). pEGFP-c1-LC3 plasmid was provided by Dr. Hong-Gang Wang (Pennsylvania State University).
Cell Lines and Culture Conditions-Human ovarian cancer cell lines RMG-1, OV90, OV433, OVCA420, and CAOV3 were maintained as described previously (26) . Immortalized human ovarian surface epithelial IOSE385 cells were obtained from Dr. Nelly Auersperg (University of British Columbia, Vancouver, Canada). CAOV3 cells were maintained in DMEM supplemented with 10% fetal bovine serum (FBS). The rest of cell lines were maintained in MCDB105/M199 supplemented with 10% FBS and 1% L-Glu. All cells were maintained at 37°C in a humidified atmosphere consisting of 5% CO 2 and 95% air. The cisplatin-resistant ovarian cancer cell line OV433-CR was established by chronically exposing parental OV433 cells (OV433-P) to gradually increased concentrations of cisplatin starting from 0.1 g/ml to 0.8 g/ml for over 6 months, as described previously (27) .
RNA Interference of ERK1/2 and Atg5-On-TARGETplus SMARTpool siRNAs for ERK1/ERK2 and Atg5 and corresponding control nontarget siRNA were purchased from Dhar-macon Research (Lafayette, CO). Transfections were performed as suggested by the manufacturer's instruction with slight modifications as described previously (26) . Briefly, cells were seeded in 6-well plates (5 ϫ 10 5 cells/well). The next day, cells were transfected with siRNA oligonucleotides using Lipofectamine RNAiMAX (Invitrogen). After 3 days, transfected cells were left untreated or treated with cisplatin and then harvested for examining protein expression by Western blot analysis. For cisplatin sensitivity experiments, transfected cells were placed at 8000 cells/well in 96-well plates and then left untreated or treated with cisplatin, and cell proliferation was determined by MTT assays.
MTT Assays-MTT assays were performed as described previously (28) . Briefly, cells were left untreated or pretreated with U0126 (10 M), SB203580 (10 M), SP600125 (10 M), or 3-MA (1 mM) for 30 min and then left untreated or treated with cisplatin. After incubation with MTT solution for 4 h, isopropyl alcohol was added to dissolve the formazan crystals. OD was measured using a V max Microplate Reader (Molecular Devices, Sunnyvale, CA) at 570 nm. The cell proliferation was calculated from the mean of pooled data from three separate experiments with five wells each.
Western Blot Analysis-Cell lysates were prepared as described previously (28) , and protein concentration was determined using the Protein Assay Kit (Bio-Rad). Cell lysates were electrophoresed through denaturing polyacrylamide gels and transferred to a PVDF membrane (Millipore). The blots were probed or re-probed with the antibodies and detected using Enhanced Chemiluminescence (ECL) or Odyssey Infrared Imaging System according to the manufacturer's protocol.
Quantification of Western Blot and Statistical Analysis-Quantification of Western blots was performed using ImageJ, and statistical analyses were performed using Student's t test. The data were presented as the mean Ϯ S.D., and p value Ͻ 0.001 was considered significant.
RESULTS

Elevation of the LC3-II Level Is Correlated with Cisplatin Resistance in a Panel of Human Ovarian Cancer Cell Lines-
Accumulating evidence suggests that autophagy plays an important role in chemoresistance (24, 25) , yet, its involvement in cisplatin resistance in ovarian cancer cells has not been tested. In this regard, a panel of human ovarian cancer cell lines including RMG-1, OV433, OV90, OVCA420, and CAOV3 was treated with 10 or 20 M cisplatin for 24 and 48 h, and changes in LC3-II levels were assessed by Western blot analysis. LC3 is a microtubule-associated structural protein and a mammalian homologue of the yeast gene Atg8, which is required for autophagy (29) . Shortly after translation, LC3 is cleaved to yield LC3-I (29) . When autophagy occurs, LC3-I is covalently linked to phosphatidylethanolamine to yield LC3-II, which associates with the autophagosome. Because LC3-II migrates more rapidly than LC3-I on denaturing gels, the presence of LC3-II is a biochemical marker of autophagy. Fig. 1 , A and B, shows that cisplatin treatment caused a significant increase in LC3-II in RMG-1, OV90, and OV433 cells, a slight increase in LC3-II in OVCA420 cells. In contrast, cisplatin treatment caused a slight decrease in CAOV3 cells at a 48-h treatment. Importantly, cis-platin treatment did not increase the levels of LC3-II in the immortalized human ovarian surface epithelial IOSE385 cells (a nontumorigenic cell line). In parallel, MTT assays were performed to evaluate their cisplatin sensitivities. Fig. 1C shows that all cancer cell lines exhibited the differential cisplatin sensitivity; RMG-1, OV90, and OV433 cells were resistant to cisplatin, and CAOV3 cells were sensitive to cisplatin whereas OVCA420 cells were in between (modest resistance). We found that IOSE358 was a cisplatin-sensitive cell line (data not shown). Further analysis revealed a correlation between an increase in the LC3-II level and cisplatin resistance; LC3-II was increased significantly in the resistant cell lines RMG-1, OV90, and OV433, but not in the sensitive CAOV3 and IOSE385 cells, and slightly in modest resistant OVCA420 cells. Thus, our data indicate that elevation of LC3-II levels may predict cisplatin resistance in ovarian cancer cells.
Cisplatin Treatment Induces the Changes Associated with Autophagy-Although increased LC3-II levels indicate autophagy induction, it is not absolutely certain that these cells undergo autophagy. To characterize cisplatin-induced autophagy, we performed analyses of "autophagic flux" by employing Baf A1 to intentionally prevent autophagosome-lysosome fusion and degradation to better determine the extent to which the complete autophagic process occurred in OV433 cells. We chose OV433 cells because this cell line is a cisplatin-resistant line. Fig. 2A shows a greater accumulation of LC3-II in cisplatintreated OV433 cells relative to untreated cells following Baf A1 treatment. This result indicates that cisplatin is able to cause autophagy in ovarian cancer cells. To determine whether cisplatin-induced LC3-II elevation can be blocked by autophagy inhibition, we treated OV433 cells with cisplatin in the absence or presence of the autophagy inhibitor 3-MA. Fig. 2B shows that 3-MA decreased cisplatin-induced LC3-II levels compared with cisplatin treatment alone. To further confirm the role of cisplatin in inducing autophagy, we used direct fluorescence to monitor LC3 punctate formation as an index for autophagosome accumulation in live cells. We stably transfected GFP-LC3 into OV433 cells in the presence and absence of cisplatin treatment. Fig. 2C shows that a punctuate pattern of LC3 was detected in cisplatin-treated but not in untreated cells. In addition, p62, another marker for autophagy, was decreased following cisplatin treatment, and this decrease inversely correlated with an increase in the levels of LC3-II ( Fig. 2D ). Taken together, these data indicate that cisplatin treatments activate an autophagic response in human ovarian cancer cells.
Cisplatin Treatment Activates ERK, which Promotes Autophagy-Emerging evidence suggests that all three MAPK subfamilies may regulate autophagy (30 -35) . To determine whether MAPKs are responsible for cisplatin-induced autophagy, we first tested the effect of cisplatin treatment on MAPK activation. OV433 cells were treated with cisplatin, and the activation of MAPK pathways was then determined. Fig. 3A shows that cisplatin treatment caused phosphorylation of ERK, p38, and c-Jun N-terminal kinases (JNK) and their downstream targets including CREB, and c-Jun, confirming our previous study showing that cisplatin activates all three major MAPK path- ways (26) . Next, we determined which MAPK is responsible for cisplatin-induced autophagy. OV433 cells were left untreated or treated with 20 M cisplatin in the presence or absence of the MEK1/2 inhibitor U0126 (10 M), the p38 inhibitor SB203580 (10 M), or the JNK inhibitor SP600125 (10 M) for 24 h, and the levels of LC3-II and the activation of MAPK pathways were examined. As shown in Fig. 3B , cisplatin treatment increased the level of LC3-II, which was inhibited by U0126 but not by SB203580 or SP600125. Furthermore, we performed analyses of autophagic flux by employing Baf A1 and showed that there was less LC3-II accumulation in cisplatin and Baf A1-treated OV433 cells in the presence of U0126 compared with the same treatments in the absence of U0126. By contrast, the p62 level was inversely correlated with the LC3-II level (Fig. 3C) . In par-allel, we showed that inhibition of ERK by U0126 but not inhibition of JNK by SP600125 or inhibition of p38 by SB203580 significantly increased cisplatin-induced cell death (Fig. 3D ). Because autophagy can be a cell survival mechanism, these data indicate that ERK-mediated autophagy may promote cell survival.
Knockdown of ERK by siRNA Decreases Cisplatin-induced LC3-II while Increasing Cisplatin-induced Cell Death-To address the direct role of ERK in autophagy induction, OV433 cells were transfected with either nontarget (siControl) or ERK siRNAs (siERK1/2), and the effects of ERK knockdown on LC3-I/II levels and PARP cleavage were examined. Fig. 4A shows that total ERK in cells transfected with ERK siRNA was decreased significantly compared with cells transfected with control siRNA. As expected, cisplatin treatment increased LC3-II levels in cells transfected with control siRNA. In contrast, knockdown of ERK significantly decreased LC3-II while increasing p62, and such changes were correlated with increased PARP cleavage (the ratio of cleaved to uncleaved PARP was 1.00 in cells transfected with ERK siRNA whereas such a ratio was 0.34 in cells transfected with control siRNA) (Fig. 4A) . These data suggest that ERK knockdown decreases cisplatin-induced autophagy. To determine the effect of autophagy inhibition by knockdown of ERK on cisplatin sensitivity, OV433 cells transfected with ERK or control siRNAs were treated with 20 M cisplatin, and growth inhibition was determined by MTT assays. Fig. 4B shows that knockdown of ERK significantly increased cisplatin-induced growth inhibition, as exemplified by 50% inhibition of cells transfected with ERK siRNA versus 20% inhibition of cells transfected with control siRNA. Thus, these data suggest that ERK-mediated autophagy contributes to cisplatin resistance in ovarian cancer cells.
Pharmacological Inhibition of Autophagy or Knockdown of Atg5 Enhances Cisplatin-induced Growth Inhibition-To investigate a role for autophagy in cisplatin sensitivity, we evaluated the effect of pharmacological inhibition of autophagy on cisplatin sensitivity. Specifically, OV433 cells were left untreated or treated with cisplatin in the presence or absence of 3-MA, a pharmacological inhibitor of the class III-PI3K that acts at the levels of the formation of pre-autophagosomes (36) , and the levels of LC3-II and PARP cleavage were determined. Fig. 5A shows that 3-MA significantly inhibited cisplatin-induced LC3-II compared with that of untreated cells. Interestingly, 3-MA also enhanced cisplatin-induced PARP cleavage ( Fig.  5A ) and growth inhibition ( Fig. 5B ), suggesting that pharmacological inhibition of autophagy promotes cisplatin-induced apoptosis.
Although 3-MA is a pharmacological inhibitor for class III-PI3K that is required for the formation of autophagosomes, it is possible that 3-MA may affect other kinases that regulate cancer cell growth independent of autophagy. To address the direct role of autophagy in the regulation of cisplatin resistance, we assessed the effect of knockdown of Atg5, a key component of the autophagy pathway, on cisplatin sensitivity. Accordingly, OV433 cells transfected with either nontarget control siRNA (siControl), or siRNA against Atg5 (siAtg5) were assessed for cisplatin sensitivity. As shown in Fig. 5C , knockdown of Atg5 abolished cisplatin-induced LC3-II whereas such a change was not observed in cells transfected with control siRNA. Furthermore, upon cisplatin treatment, Atg5 knockdown led to enhance PARP cleavage compared with cells transfected with control siRNA. Importantly, cisplatin was able to inhibit growth of Atg5 knockdown cells by 40% whereas such inhibition dropped to 20% of cells transfected with control siRNA (Fig. 5D ). Collectively, these data suggest that cisplatin-induced autophagy involves the activation of the Atg5-mediated autophagy pathway and that this autophagy pathway plays a role in cell survival.
ERK-mediated Autophagy Is Involved in Acquired Cisplatinresistant Cells, and Its Blockage Sensitizes Resistant Cells to
Cisplatin-induced Apoptosis-The drawback of using cisplatin as an anti-cancer agent is that cancer cells initially sensitive to cisplatin develop acquired resistance (37) . Thus, acquired resistance is an urgent issue that needs to be addressed. To assess whether ERK-mediated autophagy plays a role in acquired cisplatin resistance in ovarian cancer cells, we tested this mechanism in a pair of ovarian cancer cells: parental OV433 (OV433-P) cells and their derivative cisplatin-resistant OV433 cells (OV433-CR). OV433-CR cells were generated by chronically exposing parental OV433 cells to cisplatin for more than 6 months (28) . Fig. 6A shows that OV433-CR cells were much more resistant than OV433-P to cisplatin. In OV433-P cells, cisplatin treatment induced PARP cleavage whereas such cleavage was insignificant in OV433-CR (Fig. 6B) . Interestingly, OV433-CR expressed a higher level of the basal and cisplatininduced phosphorylated ERK but not JNK and p38 compared with OV433-P cells (Fig. 6B) . Inversely, OV433-CR expressed a lower level of p62 compared with OV433-P cells (Fig. 6B) . Importantly, OV433-CR cells expressed higher levels of basal and cisplatin-induced LC3-II compared with OV433-P cells under the same treatment conditions (Fig. 6B ). Furthermore, when GFP-LC3 was transfected into OV433-P and OV433-CR cells in the absence of cisplatin treatment, we detected a significant increase in LC3 punctate dots in OV433-CR cells but not in OV433-P cells, which were proportionally increased upon cisplatin treatment (Fig. 6C) . These results suggest that OV433 cells, once develop acquired cisplatin resistance, can gain a high level of autophagic activity. Next, we asked whether this mechanism could be targeted for the improvement of cisplatin sensitivity. We knocked down ERK by siRNA in OV433-CR cells and found that knockdown of ERK significantly decreased LC3-II levels while increasing p62 levels (Fig. 6D ), suggesting that an autophagic response was decreased. Inversely, ERK knockdown-mediated down-regulation of LC3-II led to an increase in cisplatin-induced PARP cleavage. The ratio of cleaved to uncleaved PARP was 1.45 in ERK siRNA-transfected cells whereas such a ratio was 0.41 in cells transfected with control siRNA. Consistently, pharmacological inhibition of autophagy by 3-MA also increased cisplatin-induced PARP cleavage while significantly decreasing the levels of LC3-II in OV433-CR cells (Fig. 6E) . Similarly, knockdown of Atg5 also significantly decreased LC3-II levels but increased p62 levels and PARP cleavage in OV433-CR cells. Because OV433-CR cells are very resistant to cisplatin, our data strongly suggest that autophagy plays a critical role in acquired cisplatin resistance and that inhibition of the autophagic activity may be a viable strategy to overcome cisplatin resistance in human ovarian cancer cells.
DISCUSSION
Over the past decade, much effort to study the genetic alterations in epithelial ovarian cancer has led to identification of many genetic changes. The hope that this would lead to more effective, targeted therapies is yet to be realized, as platinumbased (e.g. cisplatin-based) chemotherapy remains the first line treatment for this cancer type. Despite the obvious benefits of cisplatin-based treatment of ovarian cancer, almost all patients receiving cisplatin-based drugs eventually relapse and die from their metastatic disease. Therefore, a better understanding of the mechanism of cisplatin resistance is of clinical significance. In this study, we showed that cisplatin treatment induces an autophagic response that may counteract cisplatin-induced cell killing. We showed that cisplatin-induced autophagy is mediated by the ERK pathway, which requires the involvement of the Atg5 autophagy pathway. Importantly, we showed that pharmacological inhibition of autophagic activity or knockdown of Atg5 enhances cisplatin-induced apoptosis in ovarian cancer cells. Furthermore, our data showed that inhibition of autophagy enhances cisplatin-induced apoptosis in cells that have developed acquired resistance, suggesting that apoptosis and autophagy are two opposing cell signals that simultaneously regulate cisplatin sensitivity.
Autophagy is induced by conditions causing nutrient/energy depletion, cellular damage, and stress, which plays an important role not only in cancer development, but also in cancer treatment (38, 39) . An extensive literature documents the prosurvival functions of autophagy, but there are cases where autophagy appears to have a pro-death role (40, 41) . Recent studies indicate that autophagy induction contributed to chemoresistance including cisplatin resistance in cancer cells including lung and liver cancers (22, 23) . It has been shown that acute cisplatin treatment activates an autophagic response that serves as a survival factor (22, 23) . In lung cancer cells, autophagy has been suggested to play a role in acquired cisplatin resistance (24, 25) . However, the role of autophagy in cispla- tin resistance in ovarian cancer cells has not been determined. We showed that increased LC3-II levels are correlated with cisplatin resistance. We also showed that the pharmacological inhibition of the autophagic activity at the level of autophagosome formation or knockdown of Atg5, one of the key components of the autophagy pathway, increased cisplatin-induced growth inhibition. These data suggest that autophagy induction is a survival signal to counteract cisplatin-induced cell death.
The mechanisms by which autophagy is regulated are not fully understood. Emerging evidence suggests that all three MAPK subfamilies can regulate autophagy (30 -35) . For example, several studies indicate that ERK promotes autophagy (34, 35) . In the case of JNK, it phosphorylates Bcl-2 upon starvation, thus disrupting Bcl-2/Beclin-1 binding and facilitating Beclin-1 interaction with Vps34 (33) . As for p38, its role in the regulation of autophagy is contradictory. On one hand, p38 promotes autophagy in response to glucose (42, 43) . On the other hand, pharmacological inhibition of p38 activity with SB202190 or genetic knockdown with p38 siRNA induces autophagy in colorectal cancer cells (30) . The basis for these differences is not clear, but may in part be cell context-dependent or influenced by the type of autophagic stimuli. Consistent with the role of MAPKs in the regulation of autophagy, we showed that cisplatin treatment activates all major MAPK pathways. We also showed that the ERK pathway, but not the JNK or p38 pathway, involves cisplatin-induced autophagy because pharmacological inhibition of ERK but not JNK and p38 blocked cisplatin-induced autophagy. Thus, we conclude that cisplatin-induced autophagy is through the ERK pathway.
Autophagy induction requires the expression of autophagy genes including Atg5 (44 -46) . Atg5 is a member of the autophagy-related gene family that plays an important role in regulating autophagy (47, 48) . Several studies indicated that Atg5 also regulates apoptosis. It has been shown that Atg5 can interact with FADD (Fas-associated protein with death domain) to mediate interferon-␥-induced death (49) . Another study showed that overexpression of Atg5 sensitizes cells to various drugs whereas its knockdown decreases cell death (50) . The underlying mechanism is believed to be the following: apoptotic stimuli cause Atg5 cleavage by calpains 1 and 2 to generate a 24-kDa truncated form of Atg5. The latter translocates to the mitochondria where it binds to Bcl-XL, leading to inactivation of Bcl-XL anti-apoptotic activity, cytochrome c release, and subsequent apoptosis (50) . Therefore, Atg5 serves as a molecular switch between autophagy and apoptosis. In this study, we believed that Atg5-mediated autophagy is a survival signal because knockdown of Atg5 enhanced cisplatin-induced growth inhibition through enhanced cisplatin-induced apoptosis. The discrepancy between this study and the study by Yousefi et al. (50) can be due to the cell types and chemotherapeutics used. Nevertheless, these studies indicate that Atg5 serves as a switch between apoptosis and autophagy.
Acquired cisplatin resistance is a clinical problem that leads to treatment failure. Although we showed that activation of autophagy is a survival signal that counteracts cisplatin-induced cell death, the question is if this mechanism is clinically relevant. We shows that OV433-CR cells express higher levels of phosphorylated ERK and have a higher autophagic activity compared with their counterpart OV433-P cells. Higher levels of autophagic activity are correlated with decreased cisplatininduced apoptosis. Importantly, inhibition of autophagy induction sensitized acquired resistant cells to cisplatin-induced cell death. Therefore, we conclude that inhibition of autophagy can render resistant cells sensitive to cisplatin.
In conclusion, we demonstrate that autophagy plays a critical role in cisplatin resistance in ovarian cancer cells. We show that cisplatin treatment activates the ERK survival pathway and subsequently promotes autophagy, leading to cisplatin resistance ( Fig. 7) . We also show that inhibition of ERK activation or inhibition of autophagy increases cisplatin-induced growth inhibition. Importantly, pharmacological inhibition of an autophagic response or knockdown of Atg5 can sensitize cells that have developed acquired resistance to cisplatin-induced apoptosis. Thus, this study suggests that targeting the autophagy pathway may present an opportunity to overcome cisplatin resistance in ovarian cancer.
